The severity of preoperative cerebral palsy appears to correlate directly with postoperative complications. The primary aim of this study was to characterize the frequency of perioperative morbidity and mortality in cerebral palsy patients undergoing anesthesia. This was accomplished by undertaking a systematic review of the Mayo Database. The risk for perioperative adverse events was 63.1% (95% confidence interval 59.8%-66.5%). However, it deserves clarification that hypothermia and clinically significant yet non-life-threatening hypotension represented the majority (80%) of these complications. When these 2 events are excluded, the rate of adverse perioperative events was 13.1% (95% confidence interval 10.8%-15.5%). Risk factors associated with increased risk included American Society of Anesthesiologists physical status score exceeding 2, history of seizures, upper airway hypotonia, general surgery procedures, and adults. Our findings are useful to counsel patients with cerebral palsy, their caregivers, and their guardians regarding the risk of general anesthesia.
Cerebral palsy is a nonspecific term encompassing a constellation of symptoms ranging from mild monoplegia with normal cognitive capacity to spastic quadriplegia with severe mental retardation. 1 Others have encouraged the international research community to validate cerebral palsy definitions and classifications that are simple to use and yield reproducible results. 2 Yet, to date, we have neither an objective test that can be used as a screen nor a diagnostic test that can be used as a gold standard. 2 However, the common denominator is the presence of motor dysfunction arising from nonprogressive lesions or abnormalities in the brain sustained early in life. 1, [3] [4] [5] Anecdotally, the severity of preoperative cerebral palsy appears to correlate directly with postoperative complications. However, more definitive evidence is lacking as to whether these individuals are truly at increased perioperative risk for adverse events. The primary aim of this study was to characterize the frequency of perioperative morbidity and mortality in cerebral palsy patients undergoing general anesthesia.
Methods
The study was conducted following Institutional Review Board approval. The study population was restricted to cerebral palsy patients undergoing surgery (including elective or emergent) at Mayo Clinic, Rochester, Minnesota, between January 1, 1992, and December 31, 2008. In compliance with Health Insurance Portability and Accountability Act guidelines, patients were identified through the Anesthesia Clinical Research Database, which contains perioperative information in patients who have undergone surgical procedures requiring general anesthesia. The database was cross referenced with the International Classification of Diseases-9 codes for cerebral palsy, chronic global static encephalopathy, perinatal infarction, remote cerebral infarction, or neonatal stroke. To avoid selection bias, the patient cohort was not based on ''pick and choose'' inclusion criteria. For patients who underwent multiple procedures during the study period, only the first surgery was considered. Starting with the most recent surgery before December 31, 2008, a consecutive sample of 800 patients who underwent surgery prior to this date was selected in a sequential retroactive manner.
A systematic review of medical records (by professional abstractors such as physician anesthesiology consultants, certified registered nurse anesthetists, nurse anesthesia students, or Mayo's Anesthesia Clinical Research Unit-registered nursing or respiratory therapy staff) was performed identifying the cerebral palsy diagnosis, demographic data, American Society of Anesthesiologists physical status classification (ie, American Society of Anesthesiologist score), comorbidities, operative procedure, current medications, anesthetic medications received during the procedure and any complications recorded during the perioperative period (defined as that time interval immediately preceding, during, and up to 24 hours following anesthesia end time). In addition to demographic data, abstracted information included a detailed history of common preoperative comorbid disease (eg, epilepsy, mental retardation, gastroesophageal reflux disease, malnutrition, history of aspiration or recurrent pneumonia, upper airway hypotonia, reactive airway disease, pneumonia), perioperative considerations (eg, increased secretions, difficult mechanical ventilation due to extrinsic restrictive lung physiology associated with scoliosis, pneumonia, reactive airway disease, aspiration), as well as events specific to the patients' antispasmodic medications and anesthesia. More specifically, we also collected data pertaining to delayed emergence (awakening) and generalized or respiratory hypotonia.
Data Analysis
The primary outcome was the occurrence within 24 hours postoperatively of any of the following prespecified adverse perioperative events (airway obstruction, aspiration, bronchospasm, delayed emergence, hypotension, hypothermia, laryngospasm, neuropathy, pneumonia, reintubation, seizure, or stridor). The overall rate was estimated using a point estimate and corresponding 95% confidence interval. A sample-size of N ¼ 800 was chosen to ensure that the half-width of the 95% confidence interval would be less than 3.5%. In addition to describing the frequency of adverse events, exploratory analyses were performed using logistic regression to identify patient and procedural characteristics associated with perioperative adverse events. Both univariate and multivariate analyses were performed. In all cases, 2-tailed P values less than or equal to .05 were considered statistically significant.
Results
A total of 800 patients (457 male, 343 female) are included in this report. There were 517 (65%) pediatric patients and 283 (35%) adults. Seven hundred eighty-seven (98.4%) of the operations were elective whereas 13 (1.6%) were emergent.
There were 505 patients (63.1%, 95% confidence interval 59.8%-66.5%) who experienced 1 or more perioperative adverse events. The percentage of patients experiencing 1 or more event differed significantly (P < .001) across procedure types (76.9% orthopedic, 76.5% neurologic, 68.0% general surgery, 55.6% ear, nose, and throat, 48.0% gastrointestinal, 32.3% radiology, and 66.7% for other procedures) and was significantly higher for adults compared with pediatric patients (72.1% vs 58.2%; P < .001) and higher for males compared with females (66.3% vs 58.9%; P ¼ .03). One death occurred within 24 hours because of unsuccessful resuscitation from cardiac arrest near the conclusion of posterior spine surgery wound closure.
The frequency of the specific adverse perioperative events is presented in Figure 1 . The most frequently observed events were hypothermia (defined as a core temperature <35.5 C), which was documented in 441 (55.1%) patients, and hypotension (defined as a blood reduction 20% from baseline), which was documented in 120 (15.0%). The frequency of the other specific events included delayed emergence, 45 (5.6%); seizure, 19 (2.4%); airway obstruction, 17 (2.1%); pneumonia, 13 (1.6%); stridor, 7 (0.9%); bronchospasm, 6 (0.8%); neuropathy, 6 (0.8%); reintubation, 4 (0.5%); aspiration, 4 (0.5%); and laryngospasm, 4 (0.5%) ( Figure 1 ).
Given the high frequency of hypothermia and hypotension, subsequent analyses were performed that excluded these events. There were 105 patients (13.1%, 95% confidence interval 10.8%-15.5%) who experienced 1 or more perioperative adverse events other than hypothermia or hypertension. A summary of analyses assessing characteristics potentially associated with these events is presented in Table 1 . Patient characteristics found to be univariately associated with an increased risk for these events included older age (P ¼ .05), higher American Society of Anesthesiologists physical status (P < .001), presence of feeding tube (P ¼ .003), gastrointestinal reflux (P ¼ .01), malnourished (P ¼ .005), history of pneumonia (.001), reactive airway disease (P ¼ .01), history of aspiration (P ¼ .002), scoliosis (P ¼ .02), history of seizures (P ¼ .01), and upper airway hypotonia (P < .001). After backward elimination of nonsignificant variables, the characteristics found to be multivariately associated with these adverse perioperative events included age, type of procedure, American Society of Anesthesiologists physical status, history of seizures, and upper airway hypotonia ( Table 2 ).
Discussion
In this retrospective analysis of pediatric and adult patients with cerebral palsy undergoing surgery, the risk of perioperative morbidity and mortality was 63% and 0.1%, respectively. Hypothermia and hypotension represented the vast majority (80%) of these complications. The majority of the individuals in this investigation were pediatric patients. As such, we observed a greater number of complications in pediatric patients when compared with adults. However, as a percentage, adults were at greater risk of a perioperative complication (adults vs pediatrics: 72.1% vs 58.2%, P < .001). Other factors associated with increased risk for experiencing an adverse perioperative event included individuals with an American Society of Anesthesiologists physical status score exceeding 2, a history of seizures, and upper airway hypotonia as well as those undergoing general surgery procedures. Unfortunately, little comparative data exist to compare our complication rates with other general surgical populations. 6 
Cerebral Palsy Etiology and Epidemiology
In 1862, William Little, an orthopedic surgeon, postulated that peripartum asphyxia and birth trauma were 2 of the principle causes of cerebral palsy. 6 Despite Sigmund Freud's opposing viewpoint that perturbations in antenatal intrauterine development were responsible for cerebral palsy, peripartum asphyxia was touted as the primary etiologic source for more than a century. 6 Ironically, intrapartum hypoxia was recently estimated as the etiologic source in only 6% of all cerebral palsy patients. 1 As such, peripartum physicians are often erroneously implicated in medical litigation. 6 For example, according to the American Society of Anesthesiologists Closed Claims Project database, obstetric anesthesia claims make up 12% of all anesthesia litigation (of these, 18% involve newborn brain injury), with a median payout exceeding $1 million. 6 In reality, the etiology is likely multifactorial and caused by perturbations, such as maldevelopment of the brain, perinatal stroke, prenatal infection (eg, toxoplasmosis, rubella, cytomegalovirus, herpes), genetic disorder, ischemic insult in utero (eg, uteroplacental insufficiency), or prematurity (making them vulnerable to intracranial hemorrhage). 1,4,7-9
Surgical Procedures
Epidemiologic surveys report the prevalence of cerebral palsy, in industrialized countries, is fairly static at approximately 2.5 per 1000 live births among normal birth weight babies. 1, 4, 5, 7 Considering the comorbidity known to accompany cerebral palsy, these individuals frequent the operating room for dental rehabilitation, Nissen fundoplication, feeding gastrostomy tube placement, tracheostomy, major spine surgery, neurosurgical procedures to control spasticity (eg, selective dorsal rhizotomy), as well as upper and lower extremity orthopedic surgery (eg, heel cord lengthening). 1, 3, 5, 10 In our study population, individuals undergoing general surgery procedures were at greatest risk (odds ratio 1.71) of experiencing a postoperative complication ( Table 2) whereas those undergoing general anesthesia for radiologic (odds ratio 0.40) procedures incurred the lowest risk ( Table 2 ). The latter may be due to radiologic procedures being often minimally invasive percutaneous procedures that take place in warmer environments (ie, not a frigid operating room) and are devoid of substantial blood loss or fluid shifts. Taken together, data gleaned from our investigation should better equip surgical care teams with pertinent information enabling them to better anticipate-and thus, avoid-perioperative complications specific to this subpopulation of patients. 
Perioperative Concerns Related to Cerebral Palsy
Respiratory. Children who have cerebral palsy often have an impaired ability to clear pharyngeal secretions which results in secretion pooling in the oropharynx. 1, [3] [4] [5] 8 The etiology of copious oral secretions is a combination of hyperactive salivary glands coupled with impaired swallowing. As a result, managing the airway of these individuals can be quite difficult as oral secretions may preclude adequate mask ventilation or visualization of the glottis during tracheal intubation. Additionally, coexisting scoliosis can cause extrinsic restrictive lung physiology resulting in hypoxemia, pulmonary hypertension (in severe cases), as well as decreased ability to cough and clear secretions. 1, 3, 5, 8 In our study, we observed airway obstruction in 2.1%, pneumonia in 1.6%, stridor 0.9%, bronchospasm 0.8%, reintubation in 0.5%, and laryngospasm in 0.5% of our patients.
Cardiovascular. When one considers the perioperative implications of caring for cerebral palsy patients, cardiovascular compromise is not typically of great concern. Ironically, in the present study, we found cardiovascular complications to be the second most common perioperative event ( Figure  1 ). In particular, we observed hypotension (defined as 20% decrease in systemic blood pressure when compared with a preoperative baseline value) in 15% of our patient population (Figure 1 ). The etiology for such an observation is likely multifactorial and perhaps related to increased sensitivity to general anesthetics or blunted central adrenergic response to pharmacologic-induced hemodynamic perturbations (eg, cardiovascular depressant effect of general anesthesia). Although not previously described, the latter 2 factors may result from compromised cardiovascular centers within the central nervous system in this patient population. Unfortunately, it was beyond the intended scope of the present study to ascertain interventions undertaken to treat these hypotensive events.
Thermoregulation. Hypothermia (defined as a core temperature 35.5 C) topped the list (n ¼ 441, 55.1%) of perioperative complications observed in our study, with an incidence exceeding one-half of our patients (Figure 1) . The etiology is difficult to elucidate, as so many factors (eg, radiation, conduction, convection, and evaporation) come into play during general anesthesia and surgery. 1, 5, 11 However, specific to this patient population, one must consider the poikilothermic role of abnormal thermoregulatory mechanisms in patients with a compromised central nervous system. 5 Major in vivo consequences of mild hypothermia include increased surgical wound infection, extended duration of hospitalization, more profound For these analyses each characteristic was assessed separately using logistic regression. In all cases, the dependent variable was a binary indicator representing the occurrence of any of the following perioperative complications: delayed emergence, seizure, airway obstruction, pneumonia, stridor, bronchospasm, neuropathy, reintubation, aspiration and laryngospasm. Findings from these logistic regression analyses are summarized using the odds ratio and corresponding 95% confidence interval.
surgical blood loss and allogeneic blood transfusion, morbid cardiac events including ventricular tachycardia, prolonged neuromuscular blockade, delayed emergence, shivering, and thermal discomfort. 11 In regard to thermoregulation, it deserves mention that care providers may receive diminished reimbursement for certain patient populations (eg, those undergoing colorectal surgery) leaving the operating room in a hypothermic condition, as this has been linked to increased surgical site infections. 12 Abstracting preoperative temperatures from the patient's medical records would have provided useful information in helping us elucidate whether preexisting hypothermia was-in part-responsible for our most common perioperative complication. As such, we see this as a limitation of our study.
Historically (eg, during the study interval of this project), hypothermia was treated using intravenous fluid and wholebody warming devices. More recently, our institution as a whole has become more aware and aggressive toward perioperative temperature management. Accordingly, in addition to the above-mentioned interventions, we now routinely initiate forced-air whole-body warming in the preoperative holding area to mitigate heat loss during the early stages of general anesthesia.
Gastrointestinal. Gastroesophageal reflux disease is common in patients with cerebral palsy, and these individuals often present to the operating room for Nissen fundoplication. 5 For example, in our study population, 221 patients (27.6%) had a preoperative diagnosis of gastroesophageal reflux disease. Accordingly, it would seem intuitively obvious cerebral palsy patients are at increased risk of perioperative aspiration of gastric contents.
However, our data were not supportive, as the frequency of aspiration was only 0.5%. Our observations may be explained by the fact that the vast majority of our patients were nil orally since midnight, optimized with antacid medications (eg, H 2 antagonists, proton pump inhibitors), and those known to have florid gastroesophageal reflux disease routinely received the Sellick maneuver 13 (ie, pressure applied to the cricoid cartilage thereby occluding the underlying esophagus to prevent gastric contents from soiling the airway) during induction of general anesthesia.
Motor dysfunction and antispasmodic medications. There is evidence that the severity of cerebral palsy is related to gross motor function. 14 However, characterization of the severity of gross motor function using a classification system is often difficult and beyond the intended scope of this investigation. 14 Medically, one of the greatest challenges faced when caring for cerebral palsy patients is controlling spasticity and preventing contractures. Pharmacologically, this is often achieved using medications (oral or intrathecal) that modulate central or peripheral nervous system motor tone. Examples of centrally acting medications that increase inhibitory or decrease excitatory central nervous system neurotransmission include baclofen (g-aminobutyric acid-b receptor agonist), benzodiazepines (g-aminobutyric acid-a receptor agonist), vigabatrin (g-aminobutyric acid transaminase [enzyme responsible for g-aminobutyric acid catabolism] inhibitor), and tizanidine (central acting a 2 agonist). 1 Of concern to the anesthesia care team, all of these medications have the potential to cause dose-dependent drowsiness, sedation, ataxia, dizziness, and lethargy. Accordingly, intrathecal administration recently has been advocated in an attempt to mitigate or prevent these undesirable side effects. However, it deserves mention that intrathecal baclofen can cause the abovementioned adverse reactions in addition to confusion and hypotonia. 1, 3, 15 Peripheral acting drugs include botulinum toxin (Bo-Tox), which is injected directly into the muscle to produce functional denervation by preventing presynaptic acetylcholine release. 1, 3 Alternatively, in extreme cases, dantrolene (which inhibits calcium reuptake into skeletal muscle sarcoplasmic reticulum) can be used to relax spastic muscles. 1 In either case, possible unwanted side effects include generalized or respiratory weakness and lethargy. 1 Other comorbid conditions. Depending on the nature of underlying brain lesion, approximately 30% of cerebral palsy patients may have coexisting epilepsy. 3, 5 There are anecdotal observations and case reports suggesting that general anesthesia in these individuals may increase in the frequency and/or duration of seizure activity, cause status epilepticus, alter pharmacokinetic and pharmacodynamic response (resulting from antiepileptic drugs) of anesthetic medications, and delay emergence (ie, difficulty awakening from anesthesia) following surgery. In regard to increased perioperative seizure activity, certain anesthetics are known to lower the seizure threshold. Medications implicated in this pathophysiologic response include inhaled volatile anesthetics (eg, enflurane, sevoflurane), local anesthetics (eg, lidocaine, bupivacaine), opioids (eg, fentanyl, alfentanil, sufentanil, meperidine), and some sedative hypnotic medications (eg, propofol, etomidate, ketamine, methohexital). Despite these seizure-related issues, we 16 previously reported no significant increase in adverse outcomes in epilepsy patients undergoing general anesthesia. 16 In that study, 16 we reported epileptiform activity in only 2% of all seizure patients. In contrast, in the present study we observed that the frequency of perioperative seizures was significantly greater in individuals with preexisting seizure disorder (n ¼ 341) than individuals without (5.3% vs 0.2%, P < .001). In comparison with our previous report, 16 cerebral palsy patients with coexisting epilepsy were more than twice (ie, 5.3% vs 2.0%) as likely to experience a perioperative seizure than noncerebral palsy epileptic patients undergoing surgery. Unfortunately, it is difficult to draw any conclusions about this disparity, as the sample size for perioperative seizures was too small to have meaningful statistical power.
American Society of Anesthesiologists physical status score and population age. Others have reported increasing American Society of Anesthesiologists physical status score and pediatric patient populations correlate with increased incidence of perioperative complications. 17 Data from the present study are mixed. For example, higher American Society of Anesthesiologists scores were associated with a proportionally greater percentage of perioperative complications. However, in regard to age, our youth were less likely than adults to experience an adverse perioperative event.
Perioperative Care Team-Related Implications
Taken together, it would seem intuitively obvious that cerebral palsy patients would be at increased risk for: delayed emergence, aspiration of gastric contents, difficult tracheal intubation, pneumonia, respiratory embarrassment (resulting from an exacerbation of the baseline extrinsic restrictive lung physiology associated with scoliosis or inability to clear copious secretions), latex allergies, positioning-related difficulties (related to skeletal muscle contractures and scoliosis), increased seizure frequency, hemodynamic instability, hypothermia, or unpredictable sensitivity/resistance to muscle relaxants and general anesthetics (eg, lower minimal alveolar concentration, increased narcotic sensitivity) associated with their baseline disease process or the medications used to treat related comorbidities (see above). After factoring out hypotension and hypothermia, delayed emergence topped the list of complications (n ¼ 45, 5.6%; Figure 1 ). The etiology was likely related to baseline increased sensitivity to general anesthetics in patients with a compromised central nervous system, dose-dependent drowsiness associated with antispasmodic medications, and a high frequency of perioperative hypothermia. It deserves mention that a potential limitation of this observation is the subjective nature of defining delayed emergence as a recovery time exceeding one hour. In our clinical practice, these individuals are expectantly watched rather than treated with medications.
There are anecdotal observations and case reports suggesting the severity of preoperative cerebral palsy comorbidity correlates directly with postoperative complications. Unfortunately, the most comprehensive analysis of this comes from a retrospective study with a very small sample size (n ¼ 107) in a limited surgical population (patients undergoing spine surgery). 10 However, more convincing evidence is lacking in our literature as to whether these individuals are at increased risk for perioperative morbidity and mortality. Previously published research quote anesthetic mortality ranging from 0.05 to 10 per 10000 administered anesthetics. 18 Our study indicates the mortality rate for cerebral palsy patients undergoing elective or emergent surgery is well-within the acceptable range at 0.1%.
Aside from the study limitations cited above, another consideration was that we did not evaluate the impact of perioperative complications on hospital length of stay. Making this determination would have been useful in helping the care team better anticipate utilization of hospital and staffing resources.
Summary
In this retrospective analysis of pediatric and adult cerebral palsy patients undergoing surgery, the risk of perioperative morbidity and mortality was 63% and 0.1%, respectively. The majority of the individuals in this investigation were pediatric patients. As such, we observed a greater number of complications in pediatric patients when compared with adults. However, as a percentage, adults were at greater risk of a perioperative complication. Other factors associated with increased risk for experiencing an adverse perioperative event included individuals with an American Society of Anesthesiologists physical status score exceeding 2, a history of seizures, and upper airway hypotonia as well as those undergoing general surgery procedures. Patients meeting these criteria were at increased risk for perioperative hypothermia, hypotension, delayed emergence from general anesthesia, seizures, and airway-related morbidity.
The current findings may be useful to counsel and guide patients with cerebral palsy, their caregivers, and their guardians regarding the risk of general anesthesia.
